Objective. The provision of healthcare services to inmates in correctional facilities is costly and resource-intensive. This study aimed to estimate the costs of transporting prisoners from 11 Queensland correctional facilities to the Princess Alexandra Hospital Secure Unit (PAHSU) in Brisbane for non-urgent specialist outpatient consultations and identify the cost consequences that would result from the substitution of face-to-face visits with telehealth consultations.
Introduction
Healthcare in Australian correctional facilities currently operates under a nurse-led clinical pathway where some health services are provided within the institution. 1 When required, referrals are made to tertiary health centres for emergency or specialist care. These referrals require transport of prisoners via secure on-road vehicle transportation with accompanying security personnel. This makes providing specialist care logistically difficult and expensive. In Australia, prisoners consistently exhibit high-toextreme rates of psychiatric conditions, infectious disease and high-risk behaviours, compared with the general population. 2 Hence, there is a high demand for specialist care among prisoners. As such, the cost of providing specialist healthcare to Australian prisoners is invariably high due to a complex health profile, distance and security issues.
As the prison population continues to grow, 3 a cost-efficient solution needs to be found. Ideally, the need to refer to a specialist clinician is considered in respect to medical requirements, distance, cost and security issues. If care cannot be delivered locally by the prison clinic nurse, referral to tertiary specialist care is the alternative option. As a result, over 700 acute and nonacute transfers of prisoners to tertiary care are made across Australia every fortnight. 4 The cost of these transfers is not explicitly known.
Outside of Australia, telehealth (the provision of health services over distances using information and communications technology) has successfully been used to address the problem of high costs for the provision of healthcare to prisoners. The US has led this initiative by implementing telehealth prison programs since the 1990s. The earliest telehealth prison program, based in Texas, found the cost of providing telehealth services was significantly less than the cost of prisoner transfer. 5 Since then, most studies agree that telehealth is a viable option for many types of consultations, generating significant cost savings due to reduced travel requirements. [5] [6] [7] [8] [9] [10] Furthermore, telehealth prison programs also improve timely access to specialist care, without compromising patient and provider satisfaction. [11] [12] [13] [14] In Australia, the potential cost savings associated with telehealth usage in correctional facilities is not clearly understood. The aim of the present study was to model the cost consequences of using telehealth as an alternative to transporting prisoners for specialist outpatient consultations.
Methods

Setting
In 2016 there were 14 correctional centres operating in Queensland, Australia containing 7752 adult prisoners. 15 Correctional facilities accommodated 25 to 1000 prisoners each, with security requirements ranging from minimum to maximum security. 16 The Princess Alexandra Hospital (PAH) is a public tertiary hospital located in Brisbane, Queensland. Within the hospital is the PAH Secure Unit (PAHSU). The PAHSU is the principal secure unit for all correctional facility inmates in Queensland. However, northern Queensland correctional facilities may elect to transfer their inmates to a secure unit in the Cairns and Hinterland Hospital and Health Service. Each correctional facility, as well as the PAHSU, has video conferencing capabilities, however, there has been little uptake of telehealth. The location of correctional facilities in Queensland, along with the number of transfers to PAHSU in the 2015-16 financial year, is shown in Fig. 1 .
Study design
Using a case-study approach, we modelled the cost consequence resulting from the substitution of prisoner transfer to PAH for face-to-face consultations with telehealth (video) consultations. This required estimating the costs for face-to-face consultations (current practice) and the costs expected if these consultations were undertaken using telehealth. Costs were reported from a government cost perspective as Queensland Corrective Services and the PAHSU are publically funded. Costs are reported in 2016 Australian dollars and rounded to the nearest dollar (2016 A$1 US$0.73 or e0.69 or £0.59).
Assumptions
Medical staff costs for face-to-face consultations and telehealth consultations were assumed to be equal as clinician time is the same for both modes of consultation. It was also assumed that the nursing staff costs required to carry out a telehealth consultation are comparable to the nursing staff effort required for a face-toface appointment. Start-up and infrastructure costs related to operation of telehealth were excluded as videoconference capabilities were already available within the correctional facilities and at the PAH. The cost per consultation was assumed constant throughout the study period.
Patient transport
Inmates must be referred to PAHSU by Queensland Health to receive speciality care. These referrals require transfer by a secure on-road vehicle. Typically, a group of prisoners will be transported at one time and the same transport vehicle will be used to transfer prisoners to the judicial courts and to the PAHSU. Prisoners are transferred using a hub-and-spoke scenario where prisoners are first transported from their respective correctional facility to the correctional facilities at Wacol (~20 km from PAHSU) where they transfer into vehicles and continue on to the courts and PAHSU. The maximum number of prisoners that can be transported at any one time is 10, however, the Escort and Security Branch of Queensland Corrective Services estimates the average number is three. The amount of security measures and personnel depends on the security level of the prisoner. The minimum requirement is two security guards per vehicle with maximum-security prisoners requiring up to six escort staff. Overnight accommodation and per diem allowances are paid to the correctional staff that accompany prisoners to the Wacol facilities. For the purpose of our study, the costs per trip allowed for three minimum-security prisoners and two guards.
Prisoner patient activity
The actual number of consultations conducted at the PAHSU for the 2015-16 financial year was used in our modelling. The number and type of medical speciality of consultations conducted were extracted from the outpatient activity records of the unit. Scheduled consultations that patients did not attend were excluded. Consultations for patients from an unknown facility were also excluded, as were those appointments that did not involve a transfer such as telephone or chart reviews.
Transport cost
The cost of transporting an inmate from their correctional facility to the PAHSU was calculated as the sum of secure van operating costs, security staff costs and accommodation costs for staff. Total vehicle operating costs include many components such as fuel, oil, tyres, repairs, and depreciation. The per-kilometre vehicle cost was estimated to be A$1.85/km as calculated using the State of Queensland Department of Transport and Main Roads guidelines for cost-benefit analysis. 17 Prices from the formula were converted to 2016 costs using the ABS Consumer Price Inflation Index Calculator, where necessary. 18 The most direct round trip route between the correctional facility and Wacol facility where the escort vehicles are kept was used, and then the additional distance to PAHSU from Wacol was applied, as calculated by an online GPS route planner (Google Maps, http://maps.google.com). For facilities located on the same campus as Wacol (e.g. Brisbane Women's, Arthur Gorrie, and Wolston) only the travel to the PAHSU from Wacol was included. The security staff cost calculated was based on the wage of a custodial correctional officer as per the most recent Queensland Government award at the time of the study. 19 The minimum wage rate of A$24.24 per hour was used in our calculations and the listed average of 38 h per week (7.6 h per day) was taken into consideration. Corrective services provided estimates for the time required for prison transfer duties. Similarly, time estimates provided by corrective services for each facility were used to identify the need for overnight accommodation. The standard Queensland Government accommodation and per diem allowances for Brisbane were used to calculate accommodation costs for staff, with a per-person rate of $123.45 each day for meals and incidentals and $205.00 per night of accommodation. 20 If a round-trip appointment to the PAHSU and back could be completed in one day no per diem or accommodation costs were added. Estimated transport costs were conservative because accommodation costs to manage prisoners overnight at a different location (e.g. police station watch house) on long trips were not included. This cost was not easily quantifiable and the majority of trips (>75%) did not require overnight accommodation.
Cost per consultation
In order to calculate cost per consultation, the total cost per facility was first calculated as the product of transport costs and the total trips required (assuming three prisoners per trip). Total trips required were rounded up to the nearest whole number. Costper-facility was then divided by the number of consultations at the facility to determine cost per consultation. Clinician time was not included in these calculations as face-to-face and telehealth consultations would be the same.
Sensitivity analysis
A sensitivity analysis was conducted to identify the cost variables that had the greatest effect on the potential cost savings in costper-consultation for the assumptions made. The change in savings for a 5% increase or decrease in the baseline value of the consultation cost component (wage, accommodation, etc.) was calculated.
Scenario analysis
Scenario analyses were undertaken by modelling different rates of substitution of face-to-face consultations with telehealth at 10% increments from 0% to 100%. At each point, expected cost savings were calculated. The modelling amalgamated costs for all of Queensland's correctional facilities.
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Results
Patient Activity
Over a 12-month period, 3539 completed consultations were provided at PAHSU for Queensland correctional facility inmates. In addition to the completed consultations, there were 528 scheduled consultations where the patient did not attend and a further 575 scheduled consultations where the patient refused to attend (23.8% of scheduled appointments). These non-completed consultations were excluded from our analysis. Facilities that did not transfer patients to the PAHSU were also excluded from this investigation. The breakdown of consultation numbers by facility is shown in Fig. 2 . The majority of referrals came from correctional facilities in the outer Brisbane region. Two consultations were from an unknown facility. This resulted in a total of 3537 consultations included in our analysis. It should be noted that one centre, the Borallon Training and Correctional Centre, re-opened in April 2016, therefore within the study period transfers to PAHSU from this particular facility reflect May and June 2016 activity only.
Cost per consultation
The cost of transporting inmates for specialist consultation per facility is shown in Table 1 .
The type of consultation by speciality is shown in Fig. 3 .
Scenario analysis
Total costs of transporting prisoners from the 11 facilities from which there were transfers was A$969 731 (average cost per consultation A$274.17) hence, utilisation of telehealth would result in potential cost saving from A$0 to A$969 731 depending on the proportion of consultations conducted using telehealth (Fig. 4) . 
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Sensitivity analysis
Staff wages had the greatest effect on the transport cost per consultation, however, a 5% change in wage only resulted in a less than 3% change in transport cost per consultation. The extent to which the cost per consultation was affected by a 5% change in variable costs in shown in Table 2 .
Discussion
Our modelling indicates that using telehealth within correctional facilities could potentially result in cost savings from a government perspective. In a 12-month period, the cost of transporting inmates from Queensland correctional facilities to the PAHSU was A$969 731. By substituting a proportion of face-to-face consultations with telehealth consultations, cost savings are realised with reduced costs associated with transportation of prisoners. The greatest cost savings came from those facilities that were furthest away and required overnight accommodation for staff.
The literature has consistently reported that telehealth reduces the cost of providing specialist outpatient health services in a correctional setting. 6, 7 Our economic analysis demonstrated greater potential savings than operational telehealth services in these previous studies. Previous studies have considered the infrastructure cost of implementing telehealth into correctional facilities, whereas our analysis excluded capital costs, since the video-conferencing infrastructure was already in place. In our modelling, telehealth ultimately acts to negate the cost of transport and outcomes are assumed to be equivalent for telehealth and face-to-face consultations.
Given that the degree of economic benefit from telehealth is dependent on degree of utilisation, 7 this is an important consideration. From our analysis, medical imaging accounts for 30% of prisoner transfers and procedural appointments a further 3%. Imaging and procedural consultations are not appropriate for telehealth substitution. The proportion of specialist outpatient consultations that can be substituted with telehealth is specialitydependent. Low substitution rates have been observed in cardiology (4%) and neurology (5%), whereas higher substitution rates have been observed in endocrinology (49%) and rheumatology (42%). 21 In the context of correctional facilities, a well-utilised and costeffective telehealth program was run by the Texas Department of Criminal Justice, which included similar specialties to what we have identified in the present analysis, such as general medicine, orthopaedics, and gastroenterology. 5 This example from Texas provides some evidence that telehealth could be substituted for a proportion of face-to-face consultations in certain medical specialties. Within Australia, nurse-led hepatitis C programs with specialist supervision via telehealth have successfully treated inmates in NSW correctional facilities. 22 Orthopaedic telehealth consultations have also reduced the need for transfer and cost and were satisfactory to patients but had mixed levels of acceptability to surgeons. [23] [24] [25] [26] Telehealth in maxillofacial trauma was also useful for assessment and significantly reduced the need to transfer. 27 Furthermore, in Western Australia prison medical officers and nurses were trained to operate portable ophthalmic imaging instruments so that an ophthalmologist could provide a diagnosis via telehealth. 28, 29 Larsen et al. found that only half of US prisons operate telehealth programs despite clear evidence of effectiveness. 30 They cited start-up cost, resistance from medical providers, lack of technical expertise, and coordination as common barriers to its implementation. Similarly in Greece, a prison telehealth program was unsuccessful and was terminated due to lack of support from prison and hospital staff, despite having training being provided. 31 Communication and involvement of key staff increases the likelihood of a new telehealth program being accepted. 32 
Limitations
Inmates who cancelled or refused to attend their appointment were excluded from this analysis. Although previous research has identified that there are costs associated with rescheduling unattended appointments, 5 in the current study these would have been minor administrative costs and no cost to the clinician as their time was used for other clinical duties. Anecdotally, many inmates refuse to leave the prison for medical appointments due to resultant instability in their accommodation. One of the ancillary benefits of telehealth may be to increase access to medical care for this patient group. Other factors not included in this analysis are the benefits associated with safety of people involved in the transportation of prisoners, the safety of the general public as transporting prisoners can present a risk of escape, 14 and the increase in timeliness of specialist care. The range of transport costs is highly variable because it is difficult to account for variations in distance, total patients per trip and security level of patients. Hence, this study may be limited by crude estimates. In addition, specialist appointments that did not require transportation were not considered in this study. Mental health consultations are currently provided inside correctional facilities via an outreach service model. Mental health is an important issue in Australian prisoner health 2 and correctional facilities may still benefit from the use of telepsychiatry.
One potential barrier to the uptake of telehealth in correctional facilities is that the savings are not realised by the organisation which implements the change. In this scenario, Queensland Health would need to create the change in practice, whereas Queensland Corrective Services would see the savings in reduced patient transport costs. Cost-shifting across government departments and between different levels of government are not uncommon. 33, 34 Queensland Health may have the motivation to enact the change in practice to realise other benefits outside of cost savings, such as safety of hospital staff and patients.
Conclusion
In the context of Queensland correctional facilities, our modelling shows that substitution of face-to-face consultations with telehealth consultations can potentially result in cost savings from a government perspective. Savings result primarily from avoided patient transfers and become greater as the proportion of telehealth substitution increases. There appears to be strong evidence of successful telehealth programs within correctional facilities. Further investigation of the barriers to implementation is warranted. Expansion of telehealth within Queensland correctional facilities seems to be a promising opportunity, not only in regard to cost savings, but also for improving access to health services for inmates detained in prison.
